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Introduction: REM	 sleep	 deprivation	 is	 associated	with	 impairment	 in	 learning	 and	
memory,	and	nicotine	treatment	has	been	shown	to	attenuate	this	effect.	Recent	stud-
ies	 have	demonstrated	 the	 importance	of	DREAM	protein	 in	 learning	 and	memory	
processes.	This	study	investigates	the	association	of	DREAM	protein	in	REM	sleep-	
deprived rats hippocampus upon nicotine treatment.
Methods: Male	Sprague	Dawley	rats	were	subjected	to	normal	condition,	REM	sleep	dep-
rivation	and	control	wide	platform	condition	 for	72	hr.	During	 this	procedure,	 saline	or	
nicotine	(1	mg/kg)	was	given	subcutaneously	twice	a	day.	Then,	Morris	water	maze	(MWM)	
test was used to assess learning and memory performance of the rats. The rats were sacri-
ficed and the brain was harvested for immunohistochemistry and Western blot analysis.
Results: MWM	test	found	that	REM	sleep	deprivation	significantly	impaired	learning	
and memory performance without defect in locomotor function associated with a sig-
nificant	increase	in	hippocampus	DREAM	protein	expression	in	CA1,	CA2,	CA3,	and	
DG	regions	and	the	mean	relative	level	of	DREAM	protein	compared	to	other	experi-





protein	may	 involve	 in	 the	mechanism	of	 nicotine	 treatment-	prevented	REM	sleep	
deprivation-	induced	learning	and	memory	impairment	in	rats.









Peigneux,	 Laureys,	Delbeuck,	 &	Maquet,	 2001;	 Samkoff	 &	 Jacques,	
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1991).	 Formation	 of	memory	 in	 the	 brain	 consists	 of	 at	 least	 three	
stages:	 encoding,	 consolidation,	 and	 retrieval	 (Abel	 &	 Lattal,	 2001).	
Sleep is particularly beneficial to the consolidation stage of memory 
storage.	Manipulation	of	 sleep	during	 this	 stage	will	 affect	 the	con-
solidation	of	memory.	It	 is	also	known	that	adequate	sleep	is	essen-
tial for fostering connections among neuronal networks for memory 








element	 binding	 protein	 (CREB)	 pathway	 (Havekes,	Meerlo,	&	Abel,	
2015).	REM	sleep	deprivation	impairs	learning	and	memory	processes	
by affecting hippocampal synaptic plasticity which is important for 
learning	 acquisition	 and	 memory	 consolidation	 (McDermott	 et	al.,	
2003).	REM	sleep	deprivation	also	has	been	shown	to	disrupt	the	role	
of	N-	methyl-	D-	aspartate	(NMDA)	receptor	in	the	dentate	gyrus	(DG)	










as a negative regulator of the key memory factor CREB protein in a 
Ca2+-	dependent	manner	 (Naranjo	 &	Mellstrom,	 2012).	 Knockout	 of	
the	 DREAM	 gene	 can	 facilitate	 CREB-	dependent	 transcription	 and	




modulation	of	DREAM	protein	 in	 hippocampal	 regions	 is	 suggested	
to	be	involved	in	the	mechanisms	of	REM	sleep	deprivation-	induced	
learning and memory impairment in rats.






(Aleisa,	Alzoubi,	 &	Alkadhi,	 2006).	However,	 the	 underlying	mecha-
nism	of	nicotine-	prevented	 learning	and	memory	 impairment	due	to	
REM	sleep	deprivation	is	still	elusive.	Therefore,	this	study	was	con-
ducted	 to	 investigate	whether	 the	 changes	 in	hippocampal	DREAM	
protein	expression	could	be	associated	with	acute	nicotine	treatment-	
prevented	 learning	 and	memory	 impairment	 in	REM	 sleep-	deprived	
rats.
2  | MATERIALS AND METHODS
2.1 | Animal preparation
Seventy-	two	 adult	 male	 Sprague	 Dawley	 (230–280	g)	 rats	 were	
obtained	 from	 the	 Animal	 Research	 and	 Service	 Centre	 (ARASC),	







n =	12).	The	nicotine	groups	 (C	+	N,	W	+	N,	and	REMsd	 	+		N)	were	
treated	with	1	mg/kg	nicotine	(Sigma,	St.	Louis,	MO,	USA)	subcutane-
ously	twice	a	day,	for	72	hr.	The	nontreatment	groups	were	treated	
with subcutaneous saline injection. The nicotine dose in this study 





2.2 | Induction of REM sleep deprivation




and adapted individually in a dry tank model for 72 hr before being 
exposed	to	the	REM	sleep	deprivation	model.	The	control	group	rats	
were adapted in their normal dry cage for 72 hr. The purpose of 
the	 adaptation	was	 to	 expose	 and	 adapt	 the	 rat	 to	 the	 glass	 tank	
environment	 before	 being	 exposed	 to	 the	 REM	 sleep	 deprivation	
model.	For	REM	sleep	deprivation	procedure,	 two	small	platforms	
of	6.5	cm	diameter,	8.5	cm	height,	 and	8	cm	 length	between	both	
platforms	were	 placed	 in	 a	 glass	 tank	measuring	 50	cm	 in	 height,	
50	cm	 in	width,	 and	 100	cm	 in	 length.	 The	 rats	were	 deprived	 of	
REM	sleep	by	placing	one	 rat	 at	 a	 time	on	 top	of	one	of	 the	 two	
platforms	(6.5	cm	in	diameter)	placed	in	the	middle	of	a	glass	tank	
filled	with	water	 (platform	was	1	cm	above	water)	 for	72	hr.	REM	
sleep was prevented by the muscular atonia due to the rats awaken-
ing	when	the	body	came	into	contact	with	water.	For	wide	platform	
group,	each	 rat	was	placed	 in	 the	 same	experimental	 condition	as	
REM	sleep	deprivation	model	except	that	the	diameter	of	the	plat-
form	was	 larger	 (14	cm	 diameter,	 8.5	cm	 height,	 and	 8	cm	 length	
between	 both	 platforms)	which	 allowed	REM	 sleep	 to	 occur.	 The	
purpose	of	this	W	group	was	to	expose	them	to	the	same	aquatic	
environment	 as	 the	 REM	 sleep	 deprivation	 rat	 but	 allowed	 them	
to	 experience	 both	NREM	and	REM	 sleeps	 ad	 libitum	 (May	 et	al.,	
2005).	 This	 platform	 technique	has	 been	 validated	by	other	 stud-
ies using electroencephalography and has been shown to deprive a 
small	degree	of	non-	REM	sleep	(Maloney,	Mainville,	&	Jones,	1999).	
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The	temperature	of	the	water	in	the	tub	was	30°C.	Food	and	water	
were available ad libitum throughout the time the rats were on the 
platforms.
2.3 | Morris Water Maze test






submerged	0.5–1.0	cm	below	 the	 surface	of	 the	water	 in	position.	
On	training	trials,	the	rats	were	placed	in	a	pool	of	water,	and	allowed	
to remain on the platform for 10 s and were then returned to the 
home	cage	during	the	second-	trial	interval.	The	rats	that	do	not	find	
the platform within 60 s were placed on the platform for 10 s at the 
end of trial. They were allowed to swim until they sought the escape 
platform. These trials were performed in single platform and in three 
rotational	starting	positions.	Escape	latency,	swimming	distance,	and	
swimming speed of each rat were monitored by a camera above the 
center	of	the	pool	connected	to	a	SMART-	CS	program	(Panlab).




site crossings within 60 s was recorded. The time spent in the target 
quadrant	was	recorded	to	indicate	the	degree	of	memory	consolida-
tion that has taken place after learning. The time spent in the target 
quadrant	was	used	as	a	measure	of	spatial	memory.	Swimming	pattern	
of each rat was monitored by a camera above the center of the pool 
connected	to	a	SMART-	CS	program	described	above.
2.4 | Immunohistochemistry analysis
Rats were sacrificed by an overdose intraperitoneal injection of so-
dium pentobarbitone. This method was used to avoid damage to the 
spinal	cord	(Hao,	Takahata,	Mamiya,	&	Iwasaki,	2002).	Thoracotomy	
was	done	 to	 expose	 the	heart.	An	18G	branula	was	 then	 inserted	
into	 the	 left	 ventricle,	 and	 a	 snip	 was	 made	 to	 the	 right	 atrium	
for outlet. Perfusion was performed using gravity method with 
phosphate-	buffered	saline	(PBS)	followed	by	500	ml	of	cold	4%	par-
aformaldehyde	in	0.1	mol/L	phosphate	buffer	(PB)	(pH	7.4)	(Hayati	
et	al.,	2008).	The	brain	was	dissected	out	 from	 the	 rats.	Following	
overnight	cryoprotection	in	20%	sucrose	in	0.1	mol/L	PB,	the	brain	









with a cover slip.
Six	tissue	sections	were	randomly	taken	from	one	rat	each	group;	
therefore,	 the	 total	 tissue	 sections	 that	were	 taken	 from	one	group	
were	36	tissue	sections	 (n =	6).	The	tissue	sections	were	scrutinized	
at	hippocampal	CA1,	CA2,	and	CA3	and	dentate	gyrus	 regions.	The	




positive neuron per unit area in the hippocampus and dentate gyrus of 
each animal group was then calculated.
2.5 | Western Blot analysis
In	order	to	verify	the	DREAM	protein	quantification	results,	we	per-
formed	Western	 blot	 analysis	 on	 the	 hippocampal	 protein	 extract.	
The	brain	tissue	was	removed	directly	from	the	rats	without	a	fixation	





with	 concentrated	 Halt™	 Protease	 Inhibitor	 cocktail	 kit,	 EDTA-	free	






















change was determined by the following formula:
Mean Relative Intensity=(IDVDREAMprotein
− IDV endogenous control) target group
− (IDVDREAMprotein
− IDV endogenous control) calibrator group
.
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2.6 | Statistical analysis









the level of significance was set at p <	.05.
3  | RESULTS
3.1 | Escape latency and swim distance
By	using	the	Morris	Water	Maze	test,	we	found	that	within	training	
trial	 days,	 rats	 in	 all	 groups	 showed	 significant	 improvement	 in	 es-






target platform compared to the other groups which swim in shorter 
distance	 and	 to	 escape	 on	 the	 platform	 (p <	.001)	 (Figure	1).	When	
comparison	makes	between	nicotine-	treated	and	nontreated	groups,	
all	 nicotine-	treated	groups	 took	 least	 time	and	 swim	 in	 shorter	dis-
tance	to	find	the	submerged	platform	with	the	(C	+	N)	group	showed	
the shortest time and swim in short distance to find the target plat-
form,	while	wide	platform	(W)	and	the	control	(C)	groups	took	similar	
time	and	swim	distance	to	get	to	submerged	platform	(Figure	1).






compared	 to	 other	 groups	 during	 probe	 test	 (p <	.05)	 (Figure	2A).	
However,	 there	was	no	 significant	 difference	 in	 swim	 speed	within	





***,	p <	.001	compared	between	REMsd	and	C	+	N,	δδδ,	p < .001 
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3.3 | DREAM protein expression in hippocampus








3.4 | Mean relative of DREAM protein level in 
hippocampus
Mean	 relative	 of	DREAM	protein	 level	 in	 hippocampus	was	 signifi-
cantly	 increased	 in	 the	REMsd	group	when	 compared	 to	 the	C	+	N	
(p <	.01),	 W	 (p <	.01),	 and	 W	+	N	 groups	 (p <	.01)	 (Figure	4A,B).	
Treatment	with	nicotine	(REMsd	+	N)	slightly	reduced	this	effect	but	
not	significantly	decreased	mean	relative	of	DREAM	protein	level	in	
hippocampus	 when	 compared	 to	 REMsd	 group.	 In	 addition,	 mean	




The aim of the present work was to investigate the association of 
DREAM	protein	in	the	underlying	mechanism	of	nicotine	treatment-	
prevented	 learning	and	memory	 impairment	due	to	REM	sleep	dep-
rivation.	 The	 results	 from	 Morris	 water	 maze	 test	 agree	 with	 the	
previous studies which state that nicotine treatment can prevent 
impairment	 of	 learning	 and	memory	 due	 to	 REM	 sleep	 deprivation	
(Aleisa,	 Alzoubi,	&	Alkadhi,	 2011;	Aleisa,	Helal,	 et	al.,	 2011).	 In	 this	
F IGURE  3  Immunohistochemistry	results	show	the	DREAM	positive	neuron	(Arrow	mark)	(4×	magnification)	at	CA1	(A),	CA2	(B)	CA3	(C)	
and	DG	(D)	of	hippocampus	regions	of	all	experimental	groups	(A),	DREAM	positive	neuron	(Arrow	mark)	(40×	magnification)	at	DG	region	
of	all	experimental	groups	(B).	Mean	DREAM	positive	neurons	by	immunohistochemistry	analysis	on	CA1	(C),	CA2	(D),	CA3	(E),	and	DG	(F)	
of	hippocampus	regions.	The	results	are	reported	as	mean	±	SEM.	¥¥¥,	p <	.001	compared	between	REMsd	and	C,	***,	p < .001 compared 
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study,	 we	 found	 that	 REM	 sleep	 deprivation	 significantly	 affected	
learning and memory performance without affecting locomotor func-
tions	(swim	speed)	as	demonstrated	by	the	insignificant	difference	in	
swim	speed	of	the	REMsd	groups	with	the	all	groups.	Rats	in	REMsd	
groups took more time to learn finding hidden platform during training 
trial	days,	as	well	as	wandering	around	(more	travel	distance)	in	order	
to escape from the water compared to the other groups. Treatment 
of nicotine significantly ameliorated the impairment of learning and 
memory as demonstrated in the nicotine treatment group especially 
in	the	REMsd	+	N	group.
The underlying mechanism on how nicotine treatment can prevent 
learning	and	memory	impairment	due	to	REM	sleep	deprivation	is	still	










in	 hippocampal	 synaptic	 plasticity	 (Lu,	 Christian,	&	 Lu,	 2008).	Thus,	
preventing	 sleep	 deprivation-	induced	 impairment	 of	 memory	 using	
nicotine	is	an	exciting	finding.
In	this	study,	we	found	that	hippocampal	DREAM	protein	expres-
sion	 and	 the	mean	 relative	of	DREAM	protein	 level	 significantly	 in-
crease	 in	REMsd	groups	compared	to	other	groups.	Upregulation	of	





pression in all hippocampal regions was abolished after nicotine treat-
ment	 but	 only	 slightly	 reduce	 the	mean	 relative	 of	DREAM	protein	
level	as	shown	in	the	REMsd	+	N	group.	The	decreased	hippocampal	
DREAM	protein	expression	in	the	REMsd	+	N	groups	was	consistent	






























































































F IGURE  3  (Continued)
     |  7 of 8ABD RASHID et Al.




could be due to the way of analysis was done. Western blot analysis 
is	 semi-	quantitative	measurement	and	 this	possibly	could	affect	 the	




involved in the mechanism of learning and memory by functioning 
as	a	transcriptional	repressor	for	CREB	in	a	calcium-	dependent	man-
ner.	DREAM	gene	knockout	mice	have	been	 reported	 to	 facilitate	
the CREB gene transcription and enhanced learning and memory 
performance	(Fontan-	Lozano	et	al.,	2009).	A	study	using	transgenic	
mice	overexpressing	a	Ca2+-	insensitive	DREAM	mutant	(TgDREAM)	
found	 that	DREAM	protein	 played	 a	 role	 in	 postsynaptic	modula-
tion	of	 the	NMDA	 receptor	 and	 contributed	 to	 synaptic	 plasticity	
and	also	behavioral	memory	(Wu	et	al.,	2010).	The	mice	lacking	the	
DREAM	protein	were	found	to	 facilitate	 the	 learning	and	memory	
process	 by	 decreasing	 potassium	A	 current	 (IA).	 The	 results	 were	
comparable	 when	 the	 mice	 were	 treated	 with	 4-	aminopyridine	
(4-	AP,	1	mg/kg	i.p)	(IA	inhibitor).	The	decreased	potassium	A	current	
(IA)	 has	been	 shown	 to	 require	 the	 activation	of	NMDA	 receptors	
containing	 the	 NR2B	 subunit	 to	 facilitate	 the	 learning	 and	mem-
ory	 process	 (Fontan-	Lozano	 et	al.,	 2009).	 These	 situations	 can	 be	
created	 in	 the	 neuron	 of	 brain	 hippocampus	 due	 to	 REM	 sleep	
deprivation by stimulating the release of intracellular calcium that 
induced	 noradrenaline-	mediated	 increase	 in	Na-	K-	ATPase	 activity	
in	rat	brain	(Das,	Gopalakrishnan,	Faisal,	&	Mallick,	2008),	disturbing	
excitatory	and	inhibitory	neurotransmitter	release	in	the	hippocam-










pocampal plasticity and synaptic transmission and how these proteins 
interact with other proteins that involves in learning and memory 
during	 nicotine	 treatment	 in	 REM	 sleep	 deprivation	 is	 still	 unclear.	
Therefore,	further	investigation	is	needed	especially	on	the	glutamic	
acid	(GLU)	 and	 γ-	amino-	butyric	acid	(GABA)	 levels	 in	 the	 brain	 tis-
sue,	brain-	derived	neurotrophic	factor	(BDNF),	cyclic	AMP	response	
element	binding	protein	(CREB),	and	phosphorylated-	CREB	(p-	CREB)	
protein	 expressions	 in	 the	 nicotine-	treated	 REM	 sleep-	deprived	 rat	
hippocampus in order to elucidate the mechanism.
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